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FLOW METER DEVICE 

This application is a 371 application of PCT/JP2013/ 
004010 having an international filing date of Jun. 26, 2013, 
which claims priority to JP 2012-142635 filed Jun. 26, 2012, 
the entire contents of which are incorporated herein by refer 
CCC. 

TECHNICAL FIELD 

The present invention relates to a flow meter device of a 
fluid which measures the flow of the fluid such as gas and 
water, by using an ultrasonic wave. 

BACKGROUND ART 

As a conventional typical example of Such a flow meter 
device of the fluid, there is a flow meter device shown in FIG. 
11 (e.g., see Patent Literature 1). 

This flow meter device includes a first ultrasonic trans 
ducer 32 attached to a fluid passage 31 through which the fluid 
flows, a second ultrasonic transducer 33 attached to the fluid 
passage 31, a Switching means 34 which performs Switching 
between transmission and reception of the first ultrasonic 
transducer 32 and the second ultrasonic transducer 33, a 
transmission means 35 which activates the first ultrasonic 
transducer 32 and the second ultrasonic transducer 33, an 
amplification means 36 which amplifies a signal which has 
been received by the ultrasonic transducer at a reception side 
and has passed through the Switching means 34 to a prede 
termined amplitude level, and a reference voltage comparison 
means 37 which compares the voltage of the received signal 
which has been amplified by the amplification means 36 to a 
reference Voltage. 
As shown in FIG. 12, the reference voltage comparison 

means 37 compares the amplified received signal A to the 
reference Voltage, and outputs a signal C from a timing cat 
which the magnitude relation between the amplified received 
signal A and the reference Voltage is inverted to a Zero cross 
point a that comes first after the timing c, and a determination 
means 38 outputs a signal D to a repeating means 39 at the 
Zero cross point a. 
The repeating means 39 counts the signal received from the 

determination means 38 at preset number of times, and out 
puts the signal received from the determination means 38 to a 
control means 42. A time measuring means 40 measures time 
for which the repeating means 39 has counted the preset 
number of times. A flow rate calculation means 41 calculates 
a flow rate based on the time measured by the time measuring 
means 40. 
The control means 42 is configured to control the operation 

of the transmission means 35 based on the flow rate calculated 
by the flow rate calculation means 41 and output to the control 
means 42 and the signal output from the repeating means 39. 

In this configuration, the control means 42 causes the trans 
mission means 35 to operate and the ultrasonic transducer 32 
to transmit an ultrasonic signal. Then, the ultrasonic signal 
propagates (travels) through the flow and is received by the 
second ultrasonic transducer 33. The ultrasonic signal is 
amplified by the amplification means 36, and then processed 
by the reference voltage comparison means 37 and the deter 
mination means 38. Then, the ultrasonic signal is input to the 
control means 42 through the repeating means 39. The above 
described operation is repeated preset n times, and the time 
measuring means 40 measures the time for the repeated 
operation. 
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2 
The same operation is performed while performing Switch 

ing between transmission and reception of the first ultrasonic 
transducer 32 and the second ultrasonic transducer 33, by the 
Switching means 34. Transit time (propagation time) for 
which the ultrasonic signal propagates through a measure 
ment target fluid from an upstream side to a downstream side 
(this direction will be referred to as a forward flow direction), 
and transit time for which the ultrasonic signal propagates 
through the measurement target fluid from the downstream 
side to the upstream side (this direction will be referred to as 
a reverse flow direction) are respectively measured, the flow 
velocity of the measurement target fluid is derived, and a flow 
rate Q is derived according to a formula (1). 
When the effective distance between the ultrasonic trans 

ducers in a flow direction is L., measurement time that takes 
for the ultrasonic signal to propagate from the upstream side 
to the downstream side n times is t1, measurement time that 
takes for the ultrasonic signal to propagate from the down 
stream side to the upstream sidentimes is t2, the flow velocity 
of the measurement target fluid is V, the cross-sectional area of 
the fluid passage is S, and the angle formed between the 
propagation path of the ultrasonic wave between the ultra 
Sonic transducers and the flow of the measurement target fluid 
is p, the flow rate Q of the measurement target fluid is repre 
sented by the following formula: 

Actually, the flow rate is calculated by multiplying the 
formula 1 by a coefficient corresponding to the flow rate. 
The gain of the amplification means 36 is adjusted so that 

the signal received by the ultrasonic transducer at the recep 
tion side has a constant amplitude. The gain is adjusted so that 
the peak voltage value of the received signal falls within a 
predetermined Voltage range. 
The above described flow meter device of the fluid is elec 

trically activated by batteries, and required to reduce electric 
power consumption. It is considered that in this conventional 
flow meter device of the fluid, a reference voltage is newly set 
(e.g., see Patent Literature 2). 

CITATION LIST 

Patent Literature 

Patent Literature 1: Japanese Laid-Open Patent Applica 
tion Publication No. 2003-106882 

Patent Literature 2: Japanese Patent Publication No. 
4572546 

SUMMARY OF INVENTION 

Technical Problem 

An object of the present invention is to provide a flow meter 
device of a fluid which is capable of setting a reference 
Voltage quickly and accurately, maintaining the reference 
Voltage at an optimal Voltage value, and reducing electric 
power consumption while dealing with different gas kinds. 

Solution to Problem 

According to the present invention, there is provided a flow 
meter device of a fluid comprising: a first transducer and a 
second transducer which are provided in a fluid pipe and 
configured to transmit and receive an ultrasonic signal; a 
transmission means configured to activate the first and second 
transducers; a Switching means configured to perform Switch 
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ing between transmission and reception of the first and sec 
ond transducers; an amplification means configured to 
amplify a received signal of each of the first and second 
transducers; a time measuring means configured to measure 
cumulative time of transit time that takes for the ultrasonic 
signal to be transmitted and received repeatedly; a calculation 
means configured to calculate a flow velocity or a flow rate 
based on time measured by the time measuring means; a 
reference Voltage comparison means configured to compare a 
Voltage of the received signal which is output from the ampli 
fication means to a reference Voltage and outputs a signal at a 
time point when a magnitude relation of the Voltage of the 
received signal and the reference Voltage is inverted; a deter 
mination means configured to output a signal at a time point 
when the determination means determines a negative Zero 
cross point at which the Voltage of the received signal which 
is output from the amplification means changes from a posi 
tive value to a negative value, the negative Zero cross point 
coming first after the determination means receives the signal 
output from the reference Voltage comparison means; a time 
difference measuring means configured to measure time dif 
ference between a time point when the signal is output from 
the transmission means and a time point when the signal is 
output from the determination means; a reference Voltage 
setting means configured to change the reference Voltage 
from a minimum Voltage in a set range to a maximum Voltage 
in the set range, to recognize as a plurality of peak Voltages, 
voltage values in which the time difference measured by the 
time difference measuring means when the reference Voltage 
is changed from the minimum voltage to the maximum volt 
age, is significantly changed, and to set the reference Voltage 
to a Voltage corresponding to a specified ratio value between 
a first peak voltage and a second peak voltage which are 
arbitrarily chosen from among the plurality of peak Voltages, 
when a ratio value between the first peak voltage and the 
second peak Voltage becomes the specified ratio value; a time 
difference storage means configured to store the time differ 
ence measured by the time difference measuring means when 
the reference Voltage is set; a peak voltage storage means 
configured to store the first peak Voltage and the second peak 
Voltage of the reference Voltage setting means; and a new 
reference Voltage setting means configured to change the 
reference voltage from a voltage which is close to the first 
peak Voltage in the set range to a Voltage which is close to the 
second peak Voltage in the set range, to newly recognize as the 
first peak Voltage and the second peak Voltage, Voltage values 
in which the time difference measured by the time difference 
measuring means when the reference Voltage is changed, is 
significantly changed, and to set the reference Voltage to a 
Voltage corresponding to a specified ratio value between the 
first peak voltage and the second peak Voltage; wherein the 
reference Voltage setting means is configured to newly set the 
reference voltage when a difference between the time differ 
ence measured by the time difference measuring means after 
the reference voltage is set and the time difference stored in 
the time difference storage means is equal to or larger than a 
predetermined value. 
The present invention can also be practiced as a flow rate 

measurement method of the fluid. 

Advantageous Effects of Invention 

In accordance with the present invention, it is possible to 
provide a flow meter device of a fluid which is capable of 
setting a reference Voltage quickly and accurately, maintain 
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4 
ing the reference Voltage at an optimal Voltage value, and 
reducing electric power consumption while dealing with dif 
ferent gas kinds. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a flow meter device of a fluid 
according to Embodiment 1. 

FIG. 2 is a view for explaining the operation of the flow 
meter device. 

FIG. 3 is a flowchart showing a method of adjusting again 
in initial setting of the flow meter device. 

FIG. 4 is a flowchart showing a method of adjusting the 
gain in updating of the flow meter device. 

FIG. 5 is a view for explaining a method of detecting the 
peak Voltages of the waves of a received wave while changing 
a reference Voltage. 

FIG. 6 is a view for explaining peak Voltage ratios among 
the waves of the received wave. 

FIG. 7 is a view showing a comparison of a set Voltage 
range of gain adjustment between the initial setting and the 
updating in the flow meter device. 

FIG. 8 is a block diagram of a flow meter device of a fluid 
according to Embodiment 2. 

FIG. 9 is a flowchart showing a method of adjusting the 
gain in the updating of the flow meter device. 

FIG. 10 is a block diagram of a flow meter device of a fluid 
according to Embodiment 3. 

FIG. 11 is a block diagram of a conventional flow meter 
device of a fluid. 

FIG. 12 is a view for explaining the operation of the con 
ventional flow meter device of the fluid. 

FIG. 13 is a view for explaining the operation of an ampli 
fication means of the conventional flow meter device of the 
fluid. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The inventors intensively studied to provide a flow meter 
device of a fluid which is capable of setting a reference 
Voltage quickly and accurately, maintaining the reference 
Voltage at an optimal Voltage value, and reducing electric 
power consumption while dealing with different gas kinds. 
As a result, the inventors found out the followings. 

First of all, regarding the configuration disclosed in Patent 
Literature 1, the inventors conceived that the following con 
figuration is used. 

FIG. 13 is a view showing the relation between amplified 
received signals and set Voltages. While repeating the mea 
surement the number of times set in the repeating means 39. 
the number of times the peak voltage value of the received 
signal falls below the lower limit of a predetermined voltage 
range like a received signal bindicated by a dotted line of FIG. 
13 and the number of times the peak voltage value of the 
received signal exceeds the upper limit of the predetermined 
Voltage range like a received signal c indicated by a dotted 
line of FIG. 13, are counted, and the gain used at next flow rate 
measurement is adjusted based on the magnitude relation 
between the number of times the peak voltage value falls 
below the lower limit and the number of times the peak 
Voltage exceeds the upper limit. 

For example, in a case where the number of times the peak 
voltage value falls below the lower limit is more than the 
number of times the peak Voltage value exceeds the upper 
limit, the gain is increased so that the peak Voltage value falls 
within a range between the upper limit and the lower limit of 
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the predetermined Voltage range, like a received signal a 
indicated by a solid line of FIG. 13. 
The reference Voltage of the reference Voltage comparison 

means 37 which is compared to the voltage of the received 
signal amplified by the amplification means 36 is to define the 
position of the Zero cross point detected by the determination 
means 38. In the example of FIG. 13, the reference voltage is 
set to a mid Voltage between the peak Voltage of the second 
wave of the received signal and the peak voltage of the third 
wave of the received signal so that the determination means 
38 detects the Zero cross point a of the third wave of the 
received signal. With this setting, even if the peak voltage of 
the second wave of the received signal increases and/or the 
peak voltage of the third wave of the received signal 
decreases, for some reasons or other, a margin can be pro 
vided for both of these cases, and hence the determination 
means 38 can steadily detect the Zero cross point a of the third 
WaV. 

In the conventional flow meter device of the fluid, as a 
method of setting the reference voltage to be compared to the 
received signal amplified to the predetermined amplification 
level, by the reference voltage comparison means 37, a 
method of setting the reference Voltage by resistive Voltage 
division using a fixed resistor and a semi-fixed resistor have 
been frequently employed. However, this method has a draw 
back that longtime is taken to set the reference Voltage and the 
semi-fixed resistor is likely to be adjusted erroneously, 
because the semi-fixed resistor is manually adjusted while 
monitoring the reference Voltage so as to generate the speci 
fied Voltage. 

In addition, in some cases, the adjusted position may 
change due to a change which progresses over years, a 
mechanical vibration, a thermal impact, etc., after the adjust 
ment. Because of this, the conventional method has a problem 
that when the sensitivities of the ultrasonic transducers 
change due to a temperature change, a flow rate change, 
and/or a change in the ultrasonic transducers which 
progresses over years, and other reasons, it is necessary to 
newly set the reference voltage. 

Furthermore, in the conventional flow meter device of the 
fluid, the reference voltage is adjusted in the middle of the 
flow rate measurement, and therefore the timing, frequency 
and the like of the adjustment significantly affect the flow rate 
measurement. Besides, since the reference Voltage is adjusted 
while changing the Voltage, processing is increased, so that 
frequent adjustment accelerates battery wasting. 

Moreover, depending on the gas kind, the characteristics 
and changes in the Voltages are different. Therefore, depend 
ing on the gas kind, the number of times the reference Voltage 
is adjusted may be increased. 

To solve the above described problems, in a flow meter 
device of a fluid of the present invention, a reference voltage 
setting means changes a reference Voltage from a Voltage 
which is close to each of a first peak Voltage and a second peak 
Voltage which are pre-stored, newly recognizes the positions 
of peak Voltages, and sets the reference Voltage based on the 
peak voltages. 

In addition, the reference Voltage setting means sets an 
optimal reference Voltage corresponding to each gas kind in 
Such a manner that a reference Voltage value is set with a ratio 
corresponding to the characteristic of the gas kind by chang 
ing the ratio between the peak voltages based on measure 
ment time. This makes it possible to reduce the number of 
times the reference Voltage is newly adjusted. 

In the above described manner, the reference voltage set by 
the reference Voltage setting means is set to a mid Voltage 
between two peak Voltages corresponding to adjacent two 
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6 
particular waves of the received wave of the ultrasonic signal. 
The flow meter device of the fluid is able to quickly perform 
the setting operation of the reference Voltage which allows a 
time difference measured by a time difference measuring 
means to be optimal without human intervention, and con 
tinue to keep the reference Voltage at an optimal Voltage 
value. 

According to a first aspect of the present invention, there is 
provided a flow meter device of a fluid comprising: a first 
transducer and a second transducer which are provided in a 
fluid pipe and configured to transmit and receive an ultrasonic 
signal; a transmission means configured to activate the first 
and second transducers; a Switching means configured to 
perform Switching between transmission and reception of the 
first and second transducers; an amplification means config 
ured to amplify a received signal of each of the first and 
second transducers; a time measuring means configured to 
measure cumulative time of transit time that takes for the 
ultrasonic signal to be transmitted and received repeatedly; a 
calculation means configured to calculate a flow velocity or a 
flow rate based on time measured by the time measuring 
means; a reference Voltage comparison means configured to 
compare a Voltage of the received signal which is output from 
the amplification means to a reference Voltage and outputs a 
signal at a time point when a magnitude relation of the Voltage 
of the received signal and the reference Voltage is inverted; a 
determination means configured to output a signal at a time 
point when the determination means determines a negative 
Zero cross point at which the Voltage of the received signal 
which is output from the amplification means changes from a 
positive value to a negative value, the negative Zero cross 
point coming first after the determination means receives the 
signal output from the reference Voltage comparison means; a 
time difference measuring means configured to measure time 
difference between a time point when the signal is output 
from the transmission means and a time point when the signal 
is output from the determination means; a reference Voltage 
setting means configured to change the reference Voltage 
from a minimum Voltage in a set range to a maximum Voltage 
in the set range, to recognize as a plurality of peak Voltages, 
voltage values in which the time difference measured by the 
time difference measuring means when the reference Voltage 
is changed from the minimum Voltage to the maximum Volt 
age, is significantly changed, and to set the reference Voltage 
to a Voltage corresponding to a specified ratio value between 
a first peak voltage and a second peak voltage which are 
arbitrarily chosen from among the plurality of peak Voltages, 
when a ratio value between the first peak voltage and the 
second peak Voltage becomes the specified ratio value; a time 
difference storage means configured to store the time differ 
ence measured by the time difference measuring means when 
the reference Voltage is set; a peak voltage storage means 
configured to store the first peak Voltage and the second peak 
Voltage of the reference Voltage setting means; and a new 
reference Voltage setting means configured to change the 
reference voltage from a voltage which is close to the first 
peak Voltage in the set range to a Voltage which is close to the 
second peak Voltage in the set range, to newly recognize as the 
first peak Voltage and the second peak Voltage, Voltage values 
in which the time difference measured by the time difference 
measuring means when the reference Voltage is changed, is 
significantly changed, and to set the reference Voltage to a 
Voltage corresponding to a specified ratio value between the 
first peak voltage and the second peak Voltage; wherein the 
reference Voltage setting means is configured to newly set the 
reference voltage when a difference between the time differ 
ence measured by the time difference measuring means after 
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the reference voltage is set and the time difference stored in 
the time difference storage means is equal to or larger than a 
predetermined value. In this configuration, it becomes pos 
sible to provide the flow meter device of the fluid which is 
capable of setting the reference Voltage quickly and accu 
rately such that the reference voltage is very steady with 
respect to a change in the received signal of the ultrasonic 
WaV. 

According to a second aspect of the present invention, the 
flow meter device of the fluid according to the first aspect, 
comprises a Voltage ratio determination means configured to 
decide a relation of the ratio value between the first peak 
Voltage and the second peak voltage value in the reference 
Voltage setting means, based on the time difference stored in 
the time difference storage means. In this configuration, by 
changing the ratio value based on the time difference stored in 
the time difference storage means, the ratio corresponding to 
the characteristics of the fluid can be set. As a result, steady 
measurement can be implemented. 

According to a third aspect of the present invention, the 
flow meter device of the fluid according to the first or second 
aspect, comprises a temperature measuring means configured 
to measure a temperature; wherein the reference Voltage is 
adjusted when the temperature measured by the temperature 
measuring means is changed by a specified value or larger. In 
this configuration, since the reference Voltage is also adjusted 
based on a change in the characteristic due to a temperature 
change, a steady reference Voltage can be set. 

According to a fourth aspect of the present invention, in the 
flow meter device of the fluid according to any one of the first 
to third aspects, the reference Voltage setting means is con 
figured to change the reference Voltage after an amplification 
degree of the amplification means is adjusted. In this configu 
ration, the new Voltage setting means limits the set range of 
the reference Voltage to a range between the peak Voltages of 
particular waves in a case where the reference Voltage is set to 
a value between the particular waves of the received wave in 
the adjustment of the amplification degree of the flow meter 
device of the fluid. Therefore, even when the magnitude rela 
tion between the reference Voltage and the peak Voltages is 
changed due to a change in the received signal of the ultra 
sonic wave in the middle of the flow rate measurement, the 
reference voltage can be newly set after the amplification 
degree is adjusted. Thus, the flow meter device of the fluid is 
able to maintain the reference Voltage at an optimal Voltage 
value. 

According to a fifth aspect of the present invention, the flow 
meter device of the fluid according to any one of the first to 
fourth aspects, comprises a time difference storage means 
configured to derive the time difference stored in the time 
difference storage means based on the cumulative time of the 
time measuring means. In this configuration, since the mea 
Surement time can be derived based on the average value, the 
determination as to the fluid can be performed accurately. 

Hereinafter, the embodiments of the present embodiment 
will be described with reference to the drawings. The present 
invention is not limited to the embodiments. 

Embodiment 1 

FIG. 1 is a block diagram of a flow meter device of a fluid 
according to Embodiment 1. FIGS. 2 and 5 are views for 
explaining the operation of the flow meter device of the fluid 
of Embodiment 1. FIGS. 3 and 4 are flowcharts showing the 
operation of the flow meter device of the fluid of Embodiment 
1. 
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8 
Referring to FIG. 1, a first ultrasonic transducer 2 (first 

transducer) which transmits an ultrasonic wave and a second 
ultrasonic transducer 3 (second transducer) which receives 
the ultrasonic wave are placed in the intermediate portion of 
a fluid passage 1 such that the propagation path of the ultra 
Sonic wave form an angle (p with respect to a flow direction. 
The fluid passage 1 may be, for example, a fluid passage 

having a rectangular passage cross-section. The fluid is not 
particularly limited, and may be, for example, gas such as fuel 
gaS. 
An activation signal output from a transmission means 5 is 

sent to the first ultrasonic transducer 2 or the second ultra 
Sonic transducer 3 which is chosen as a transmission side by 
a Switching means 4. An amplification means 6 amplifies the 
signal received by the first ultrasonic transducer 2 or the 
second ultrasonic transducer 3 which is chosen as a reception 
side by the Switching means 4, by a gain corresponding to a 
command output from the control means 12. A reference 
Voltage comparison means 7 compares the amplified signal to 
a reference Voltage and outputs a signal. 
The Switching means 4, the transmission means 5, the 

amplification means 6, the reference Voltage comparison 
means 7, and the control means 12 may be each constituted 
by, for example, a logic IC. 
A determination means 8 determines the arrival time of the 

ultrasonic wave from the output of the reference voltage 
comparison means 7 and the received signal amplified by the 
amplification means 6. A repeating means 9 counts the signal 
of the determination means 8 and outputs a signal to the 
control means 12 repeatedly preset number of times. A time 
measuring means 10 measures time for which the repeating 
means 9 counts the signal the preset number of times. A flow 
rate calculation means (calculation means) 11 detects the flow 
velocity of the fluid based on the time measured by the time 
measuring means 10, and further calculates the flow rate in 
view of the size of a pipe, a flow state, etc. 
The determination means 8, the repeating means 9, the 

time measuring means 10, and the flow rate calculation means 
(calculation means) 11 may be each constituted by, for 
example, a logic IC. 
The control means 12 receives the signal from the flow rate 

calculation means 11 and the signal from the repeating means 
9, and controls the operation of the transmission means 5 and 
the operation of the amplification means 6. A time difference 
measuring means 13 measures a time difference between the 
output of the transmission means 5 and the output of the 
determination means 8. A reference Voltage setting means 14 
sets the reference Voltage of the reference Voltage comparison 
means 7, and sets a mid Voltage between the peak Voltage of 
the third wave of the received signal and the peak voltage of 
the fourth wave of the received signal, with a specified voltage 
ratio. A time difference storage means 15 stores the time 
difference measured by the time difference measuring means 
13 after the reference voltage setting means 14 has set the 
reference Voltage. 
The time difference measuring means 13, the reference 

Voltage setting means 14 and the time difference storage 
means 15 may be each constituted by, for example, a logic IC. 
A peak voltage storage means 16 stores the peak voltage of 

the second wave of the received signal and the peak Voltage of 
the third wave of the received signal, which have been used in 
the reference Voltage setting means 14. A new reference Volt 
age setting means 17 newly sets the reference Voltage when 
the time reference in the time difference storage means 15 is 
equal to or larger than a predetermined value. 
The peak Voltage storage means 16 may be constituted by, 

for example, a logic IC. 
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The new reference Voltage setting means 17 may be con 
stituted by, for example, a logic IC. 

Hereinafter, the operation and advantages of the flow meter 
device of the fluid configured as described above will be 
described. 

Initially, the control means 12 initiates the operation as 
follows, in a manufacturing step dedicated mode in manufac 
turing steps in response to a command input for mode shifting 
(not shown). 

After a power is ON, the control means 12 sets a temporary 
reference voltage to adjust again (step 1 of FIG.3). As shown 
in FIG. 2, the gain is adjusted and set so that for example, the 
peak voltage value of a fifth wave which is the maximum 
amplitude of the received wave reaches a specified Voltage 
value. At this time, the reference Voltage may be any Voltage 
So long as the reference Voltage is higher than the peak voltage 
of the first wave and lower than the peak voltage of the fifth 
WaV. 

During the gain adjustment, the reference Voltage is fixed. 
This is intended to prevent a situation in which due to a 
change in the reference Voltage, the reference Voltage 
becomes equal to or higher than the peak voltage of the fifth 
wave or becomes equal to or lower than the peak Voltage of 
the first wave, and the reference Voltage comparison means 7 
and the determination means 8 fail to operate correctly. 
The gain adjustment of the flow meter device of the fluid 

may be similar to that of the conventional example, and will 
not be described repeatedly, in the present embodiment. 

Initially, the gain is adjusted so that the signal received by 
the second ultrasonic transducer 3 as the reception side has a 
constant amplitude (step S2). Then, the reference Voltage 
setting means 14 sets the reference voltage to a minimum 
Voltage in a set range (step 3). 

After the reference voltage setting means 14 sets the refer 
ence Voltage to the minimum Voltage, the control means 12 
sets the number of times of repeating of the repeating means 
9 to one and causes the transmission means 5 to operate and 
the first ultrasonic transducer 2 to transmit an ultrasonic sig 
nal (step S4). 
The ultrasonic signal transmitted from the first ultrasonic 

transducer 2 propagates (travels) through the flow of the fluid 
passage 1, is received by the second ultrasonic transducer 3, is 
amplified by the amplification means 6, and then is output to 
the reference Voltage comparison means 7 and to the deter 
mination means 8. 

FIG. 2 shows the amplified received signal. As shown in 
FIG. 2, receiving a signal E output from the transmission 
means 5 which is time measuring start timing, the time dif 
ference measuring means 13 starts to measuring time (step 5). 
The reference Voltage comparison means 7 compares the 
output (received signal A) of the amplification means 6 to the 
reference voltage (step 6 of FIG.3). At the time point (timing 
c) when the magnitude relation between the received signal A 
and the reference voltage is inverted, the reference voltage 
comparison means 7 outputs a signal C to the time difference 
measuring means 13 and to the determination means 8. 
The determination means 8 determines a negative Zero 

cross point a which comes first after the timing C, at which the 
sign of the signal output from the amplification means 6 
changes from a positive value to a negative value, as a point at 
which the ultrasonic wave arrives (step S7), and outputs a 
signal D to the repeating means 9 and to the time difference 
measuring means 13. 

Receiving the signal D output from the determination 
means 8, the time difference measuring means 13 finishes 
measuring time (step S8), and outputs a measurement time 
difference Td (i.e., time that passes from start of transmission 
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10 
of the ultrasonic wave to the Zero cross point c) to the refer 
ence Voltage setting means 14. 
The reference Voltage setting means 14 increases the ref 

erence Voltage by one control unit (e.g., 2 mV.) in a variable 
range of the reference Voltage (step 9). 

Since the number of times of repeating set in the repeating 
means 9 is one, the control means 12 receives the signal 
indicating that the repeating operation is finished, from the 
repeating means 9, and newly causes the transmission means 
5 to operate and the first ultrasonic transducer 2 to transmit the 
ultrasonic signal. 
The above described operation is repeated until the refer 

ence Voltage setting means 14 sets the reference Voltage to a 
maximum Voltage in the set range. 

In a state in which the reference Voltage setting means 14 
has set the reference Voltage to the maximum Voltage, there 
exist a plurality of inflection points at which the time differ 
ence measured by the time difference measuring means 13 is 
significantly changed, for a period during which the reference 
Voltage setting means 14 changes the reference Voltage from 
the minimum Voltage in the set range to the maximum Voltage 
in the set range. 
The existence of the plurality of inflection points will be 

described with reference to FIGS. 5 and 6. FIG. 5 is a view 
showing the reference voltage in the case where the reference 
Voltage setting means 14 changes the reference Voltage from 
the minimum Voltage in the set range to the maximum Voltage 
in the set range, and the time (hereinafter this time will be 
referred to as time A) that passes from the time point (i.e., 
timing c) when the reference Voltage comparison means 7 
outputs the signal C to the Zero cross point a. 
When the reference voltage lies close to the peak voltage 

(peak p1, p2, p3, ... in FIG. 6), the time A is minimum (Tp1. 
Tp2, Tp3, ... corresponding to p1, p2, p3, ...) and its value 
is equal to about 4 (500 ns in a case where an activation 
frequency is 500 KHZ) of the cycle of the ultrasonic wave. 
When the reference voltage is increased in the state in 

which the reference Voltage lies close to the peak voltage, and 
exceeds the peak voltage of each wave, the time A is rapidly 
increased and emerges as the inflection point (Tp1, Tp2. 
Tp3, ... as minimum time of time A) of the time A, as shown 
in FIG. 5. As shown in FIG. 5, the time A is changed 1.3 times 
or larger at each inflection point. 

For example, in a case where the reference Voltage is 
changed from one which is close to the peak voltage p2 of the 
second wave (does not exceed p2) and exceeds the peak 
Voltage p2 of the second wave, the inflection point becomes 
Tp2. This means that the reference Voltage corresponding to 
the inflection point of the time difference is the Voltage which 
is close to the peak voltage of each wave of the received 
signal. 
From an experiment, it was confirmed that each of the 

ratios among these peak Voltages is a Substantially constant 
value irrespective of the fluid passage and sensors. For 
example, as shown in FIG. 6, the ratio between the peak 
voltage p1 of the first wave and the peak voltage p2 of the 
second wave, i.e., p2/p1s2.5, the ratio between the peak volt 
age p2 of the second wave and the peak voltage p3 of the third 
wave, i.e., p3/p2s1.8, and the ratio between the peak voltage 
p3 of the third wave and the peak voltage p4 of the fourth 
wave, i.e., p4/p3s 1.3. 

Since each of the ratios among these peak voltages of the 
waves is the Substantially constant value as described above, 
the respective waves of the received wave can be recognized. 
Specifically, a particular peak Voltage in which the ratio 
between this particular peak voltage and a peak voltage which 
emerges just before this particular peak Voltage (the peak 
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Voltage which emerges just before this particular peak Voltage 
and is lower than this particular peak Voltage), is about 2.5 
times, is the peak Voltage of the second wave, while a par 
ticular peak voltage in which the ratio between this particular 
peak voltage and a peak voltage which emerges just before 
this particular peak Voltage, is about 1.8 times, is the peak 
voltage of the third wave. 
The reference Voltage setting means 14 confirms the ratio 

between the peak Voltages as described above, recognizes the 
peak Voltages of particular waves (second wave and third 
wave) of the received wave, based on the corresponding peak 
voltage ratio, and sets the reference voltage to Vref derived 
using this specified peak Voltage ratio between the particular 
waves (second wave and third wave) (step 11 of FIG. 3). 

Then, the time difference storage means 15 stores the time 
difference measured by the time difference measuring means 
13 after the reference voltage setting means 14 has set the 
reference voltage to Vref derived using the specified ratio 
between the peak Voltages of the particular waves (second 
wave and third wave), and the reference Voltage setting means 
stores the peak Voltage (in the set range of the reference 
Voltage) of the second wave and the peak Voltage (in the set 
range of the reference voltage) of the third wave (step 12). 
Thus, the manufacturing step dedicated mode is terminated. 

Since the peak voltage of the second wave and the peak 
voltage of the third wave are stored, the settable range of the 
reference Voltage in which the point (e.g., negative Zero cross 
point a of the third wave of FIG. 2) at which the arrival time 
of the ultrasonic signal in the manufacturing steps can be 
detected, is stored. 
The purpose for setting the reference Voltage to a mid 

voltage between the peak voltage of the second wave and the 
peak voltage of the third wave is as follows. The setting of the 
reference Voltage in a reference Voltage range (range from the 
peak voltage of the second wave to the peak Voltage of the 
third wave in FIG. 6) which is broadest in peak voltage width 
follows that the reference voltage is set in a range in which the 
peak voltage difference between the waves of the received 
signal is largest. For example, in the example of FIG. 5, when 
the reference voltage is set to Vrefderived using the specified 
ratio between the peak voltage of the second wave and the 
peak Voltage of the third wave, a large margin is allowed to be 
set between the reference Voltage and each of the peak voltage 
of the second wave and the peak voltage of the third wave. The 
specified ratio between the peak voltage of the second wave 
and the peak voltage of the third wave is expressed as (Vref 
P2):(P3-Vref). For example, Vref is set so that this ratio is 
55:45. Therefore, even when the voltage of the received signal 
is varied, the determination means 8 can very steadily detect 
the arrival time of the received signal of the ultrasonic wave. 
Alternatively, the measurement may be performed using the 
peak voltage of the third wave and the peak voltage of the 
fourth wave. In this case, the reference Voltage range is nar 
rowed, but the slope at the Zero cross point a is steep, which 
enables the measurement with a higher accuracy. 

After the reference Voltage is set in the manufacturing 
steps, the control means 12 shifts to the normal mode, in 
response to a commandinput for modeshifting (not shown) in 
a place in which the flow meter device of the fluid is installed. 
Thereafter, when a power is ON, the flow meter device of the 
fluid initiates its operation as follows. 
Now, with reference to FIG.4, a description will be given 

of the operation of the new reference voltage setting means 17 
which is performed to newly set the reference voltage in a 
case where the value measured by the time difference mea 
Suring means 13 exceeds a predetermined time in the middle 
of the flow rate measurementor in a case where the difference 
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12 
between the value measured by the time difference measuring 
means 13 and the value stored in the time difference storage 
means 15 is equal to or greater than a predetermined value, 
after the gain was initially adjusted so that the signal received 
by the ultrasonic transducer as the reception side had a con 
stant amplitude (this operation may be omitted if the gain was 
already adjusted in the flow rate measurement) (step 21 of 
FIG. 4). 
Upon the start of the operation, the new reference voltage 

setting means 17 sets the reference Voltage to a Voltage which 
is close to the peak Voltage of the second wave which is 
stored, and the control means 12 causes the transmission 
means 5 to operate and the first ultrasonic transducer 2 to 
transmit an ultrasonic signal (step 22), and updates the peak 
Voltage of the second wave, using a Voltage in which the time 
difference measured by the time difference measuring means 
13 is rapidly increased (step 23, step 24). In the same manner, 
the new reference voltage setting means 17 sets the reference 
Voltage to a Voltage which is close to the peak Voltage of the 
third wave, and updates the peak voltage of the third wave 
(step 25, step 26, step 27). 

FIG. 7 shows a Voltage measurement range in updating of 
the reference voltage. As can be seen from FIG. 7, the voltage 
measurement range from a minimum Voltage to a maximum 
Voltage in the updating of the reference Voltage at the time 
point when the flow meter device is installed, is much less 
than the Voltage measurement range from a minimum Voltage 
to a maximum Voltage in the initial setting in the manufac 
turing steps. 
The new reference voltage setting means 17 newly finds the 

voltage with the specified ratio from the peak voltage of the 
second wave and the peak voltage of the third wave, and 
thereby sets the reference voltage, and the time stored in the 
time difference storage means is updated (step 28). After that, 
the control means 12 shifts to a flow measuring process and a 
flow rate calculation process. 

In brief, when conditions such as characteristics of a mea 
Surement target fluid and components of the flow meter 
device, etc., do not change after the time difference was stored 
in the time difference storage means 15 at the time of manu 
facturing, the relation between the reference voltage and the 
received wave which has been Subjected to the gain adjust 
ment is not varied, so that the time difference stored in the 
time difference storage means 15 should coincide with the 
time difference in the flow rate measurement. However, if the 
two time differences are different by a specified value or 
larger for Some reasons or other, then the reference Voltage is 
newly set. 
As described above, when the reference voltage is newly 

set, the reference Voltage is changed from the Voltage which 
is close to the peak voltage of the third wave and the peak 
Voltage of the fourth wave and the peak Voltages are newly 
recognized. This makes it possible to reduce adjustment time, 
and newly set the reference voltage in a short time without 
interrupting the flow rate measurement in the middle of the 
flow rate measurement. 

In summary, in the flow meter device of the fluid of the 
present embodiment, the reference Voltage setting means 
changes the reference Voltage from the minimum Voltage to 
the maximum Voltage, recognizes the peak Voltages of the 
waves of the received wave from the plurality of inflection 
points at which the time difference measured by the time 
difference measuring means when the reference Voltage is 
changed from the minimum Voltage to the maximum Voltage, 
is significantly changed, and automatically sets the reference 
Voltage to an arbitrary point between the peak Voltages of the 
particular two waves based on the peak voltage ratio, while 
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when the reference voltage is newly set, the reference voltage 
is changed from the Voltage which is close to the peak volt 
ages of the particular two waves, and the peak Voltages are 
newly recognized. This makes it possible to reduce adjust 
ment time, and newly set the reference Voltage in a short time 
without interrupting the flow rate measurement in the middle 
of the flow rate measurement. 

Therefore, the flow meter device of the fluid is able to 
quickly set the reference Voltage without human intervention, 
newly set the reference voltage in a short time and with less 
electric power consumption in the middle of the flow rate 
measurement after the reference Voltage is set, and thus keep 
the reference Voltage at an optimal one. 

Embodiment 2 

Next, Embodiment 2 will be described with reference to 
FIGS. 8 and 9. 

FIG. 8 is a block diagram of Embodiment 2. FIG. 9 is a 
flowchart showing the operation performed when the refer 
ence Voltage is newly set. 

Embodiment 2 is different from Embodiment 1 in that the 
flow meter device of the fluid of Embodiment 2 includes a 
voltage ratio determination means 18 which sets in the new 
reference Voltage setting means 17 a specified ratio with 
reference to a table which is preset or stored, based on the time 
difference measured by the time difference measuring means 
13 in the example of FIG.9. 
The Voltage ratio determination means 18 may be consti 

tuted by, for example, a logic IC. 
The voltage ratio determination means 18 sets the specified 

ratio in the new reference Voltage setting means 17 so that, for 
example, the reference voltage is set to a voltage of 50% of a 
voltage between the peak voltages when the time difference 
measured by the time difference measuring means 13 is equal 
to or larger than 200us and set to a voltage of 75% of a voltage 
between the peak voltages when the time difference measured 
by the time difference measuring means 13 is less than 200LL. 

Embodiment 3 

Next, Embodiment 3 will be described with reference to 
FIG 10. 

Embodiment 3 is different from Embodiment 1 and 
Embodiment 2 in that the flow meter device of the fluid of 
Embodiment 3 includes a temperature measuring means 19. 
The time difference storage means 15 stores as the time 

difference an average value obtained by dividing cumulative 
time in the time measuring means 10 by the number of times 
of repeating. The Voltage ratio determination means 18 can 
use this average value. 

The control means causes the temperature measuring 
means 19 to measure a temperature on a regular basis, and 
commands the new reference Voltage setting means 17 to 
perform new determination operation when the temperature 
is equal to or higher than a predetermined temperature. The 
temperature measuring means 19 may be constituted by, for 
example, a logic IC. 
As described above, in the present embodiment, also, the 

flow meter device of the fluid is able to quickly set the refer 
ence Voltage without human intervention, and keep the refer 
ence Voltage at an optimal one during the flow rate measure 
ment after the reference Voltage is set. In addition, since the 
peak voltages can be stored and updated using the Voltages 
which are close to the peak Voltages, the time can be reduced, 
and the reference voltage can be updated in the middle of the 
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14 
flow rate measurement. Therefore, the flow meter device of 
the fluid is able to perform the flow rate measurement with a 
high accuracy as a system. 

Moreover, a storage medium contains programs for execut 
ing the operation of the flow meter device of the fluid of the 
present embodiment. This can flexibly deal with changes in 
the specified ratios used in the control means 12 and the 
reference Voltage setting means 14, the set values of the 
number of times of repeating used in the repeating means 9. 
etc., a replacement of the ultrasonic transducers, changes in 
the ultrasonic transducers which progress over time, etc. 

Numeral improvements and alternative embodiments of 
the present invention will be conceived by those skilled in the 
art in view of the foregoing description. Accordingly, the 
description is to be construed as illustrative only, and is pro 
vided for the purpose of teaching those skilled in the art the 
best mode of carrying out the invention. The details of the 
structure and/or function may be varied substantially without 
departing from the spirit of the invention. 

INDUSTRIAL APPLICABILITY 

As described above, a flow meter device of a fluid of the 
present invention is able to quickly and accurately set a ref 
erence Voltage and therefore is applicable to measurement of 
the flow velocity, the flow rate, and the like of a fluid such as 
gas and water. 
What is claimed is: 
1. A flow meter device of a fluid comprising: 
a first transducer and a second transducer which are pro 

vided in a fluid pipe and configured to transmit and 
receive an ultrasonic signal; 

a transmission means configured to activate the first and 
second transducers; 

a Switching means configured to perform Switching 
between transmission and reception of the first and sec 
ond transducers; 

an amplification means configured to amplify a received 
signal of each of the first and second transducers; 

a time measuring means configured to measure cumulative 
time of transit time that takes for the ultrasonic signal to 
be transmitted and received repeatedly; 

a calculation means configured to calculate a flow velocity 
and/or a flow rate based on time measured by the time 
measuring means; 

a reference Voltage comparison means configured to com 
pare a Voltage of the received signal which is output from 
the amplification means to a reference Voltage and out 
puts a signalata time point when a magnitude relation of 
the voltage of the received signal and the reference volt 
age is inverted; 

a determination means configured to output a signal at a 
time point when the determination means determines a 
negative Zero cross point at which the Voltage of the 
received signal which is output from the amplification 
means changes from a positive value to a negative value, 
the negative Zero cross point coming first after the deter 
mination means receives the signal output from the ref 
erence Voltage comparison means; 

a time difference measuring means configured to measure 
time difference between a time point when the signal is 
output from the transmission means and a time point 
when the signal is output from the determination means; 

a reference Voltage setting means configured to change the 
reference Voltage from a minimum Voltage in a set range 
to a maximum Voltage in the set range, to recognize as a 
plurality of peak Voltages, Voltage values in which the 
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time difference measured by the time difference mea 
Suring means when the reference voltage is changed 
from the minimum voltage to the maximum voltage, is 
significantly changed, and to set the reference voltage to 

16 
ference measuring means after the reference voltage is 
set and the time difference stored in the time difference 
storage means is equal to or larger than a predetermined 
value. 

a Voltage corresponding to a specified ratio value 5 
between a first peak voltage and a second peak voltage 
which are arbitrarily chosen from among the plurality of 
peak Voltages, when a ratio value between the first peak 
Voltage and the second peak voltage becomes the speci 
fied ratio value; 10 

a time difference storage means configured to store the 
time difference measured by the time difference mea 
Suring means when the reference voltage is set; 

2. The flow meter device of the fluid according to claim 1, 
comprising: 

a Voltage ratio determination means configured to decide a 
relation of the ratio value between the first peak voltage 
and the second peak voltage in the reference voltage 
setting means, based on the time difference stored in the 
time difference storage means. 

3. The flow meter device of the fluid according to claim 1, 
a peak Voltage storage means configured to store the first cop.1S1ng: - figured 
peak voltage and the second peak voltage of the refer- 15 emperature measuring means configured to measure a 

temperature; ence Voltage setting means; and 
a new reference Voltage setting means configured to 

change the reference Voltage from a voltage which is 
close to the first peak voltage in the set range to a voltage 
which is close to the second peak voltage in the set range, 20 
to newly recognize as the first peak voltage and the 
Second peak voltage, Voltage values in which the time 
difference measured by the time difference measuring 
means when the reference voltage is changed, is signifi 
cantly changed, and to set the reference voltage to a 25 
Voltage corresponding to a specified ratio value between 
the first peak voltage and the second peak voltage; 

wherein the reference Voltage setting means is configured 
to newly set the reference voltage when a difference 
between the time difference measured by the time dif- ck k < k ic 

wherein the reference voltage is adjusted when the tem 
perature measured by the temperature measuring means 
is changed by a specified value or larger. 

4. The flow meter device of the fluid according to claim 1, 
wherein the reference Voltage setting means is configured 

to change the reference Voltage after an amplification 
degree of the amplification means is adjusted. 

5. The flow meter device of the fluid according to claim 1, 
comprising: 

a time difference storage means configured to derive the 
time difference stored in the time difference storage 
means based on the cumulative time of the time measur 
ing means. 


